Chromosome segment substitution lines (CSSL) consist of a battery of near-isogenic lines that have been developed and cover the entire genome of some crops. With the exception of one homozygous chromosome segment transferred from a donor parent, the remaining genome of each CSSL line is the same as the recipient parent. It is an ideal material for genome research and particularly QTL mapping. In the present study, we first developed one set of CSSL lines using G. hirsutum acc. TM-1 (the genetic standard), as the recipient parent and G. barbadense cv. Hai7124 as the donor parent using molecular assisted-selection in BC 5 S 1-3 generations. The CSSL consisted of 330 different lines, in which 1-4 different lines had the same or overlapping substituted segments. The genetic length of the substituted segments covered 5271.9 cM with an average segment distance of 10.9 cM, 1.5 times the total genetic length of Upland cotton (3514.6 cM). The substituted segments of each line varied in length, ranging from 3.5 cM for the shortest segment to 23.2 cM in the longest segment. Our CSSL have not yet to cover the entire tetraploid cotton genome, due to the absence of some donor parent interval segments.
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cotton, chromosome segment substitution lines, fiber qualities, leaf morphology, QTL Cotton (Gossypium spp.) is one of the most important cash crops worldwide. China produces 24% of the world's cotton and consumes 38%, most of which is used to manufacture cotton yarn and cotton fabric [1] . During 2006, the export of textiles in China grossed 144 billion dollars [2] . Improvements in the standard of living in the country and the elimination of textile quotas are expected to rapidly increase the consumption and export of textile products.
Upland and Sea Island cotton are two cultivated tetraploid cotton varieties. Upland cotton (Gossypium hirsutum L.) is characterized by high yield and moderate fiber quality performance. Sea Island cotton (G. barbadense L.) is characterized by low yield, increased fiber fineness and strength. Sea Island cotton is used as the raw material for fine count yarn. Cotton varieties developed in China are not adequate for fine count and coarse yarns, and in particular 60-count yarn [3] . Therefore, combining the merits of high yield in G. hirsutum and good fiber qualities in G. barbadense will improve the cotton fiber qualities of Upland cotton. However, years of breeding programs have proven that it is difficult to transfer fiber quality genes from Sea Island cotton into Upland cotton.
Fiber qualities including fiber length, strength, fineness and uniformity are inherited quantitatively, under polygene control and influenced by environment. Rong et al. [4] reported approximately 224 quantitative trait loci (QTLs) for fiber qualities. QTL were mapped using different populations (F 2 , BC and RIL) of crosses between ARTICLES CROP BREEDING G. hirsutum and G. barbadense. However, the study demonstrated low repeatability, indicating that the stability of QTLs could not be consistently verified. In addition, this form of interspecific mapping of populations has not been successful in plants cultivated for many years at multiple locations. Chromosome segment substitution lines (CSSL), including a set of near-isogenic lines spanning the whole genome of one crop can be developed by crosses between the donor and the recipient parents, backcrossing to the donor parent and assisted by molecular markers. One homozygous chromosome segment exists from the donor parent, but the reminder of the genome remains identical to the recipient parent. Therefore, it is an ideal material for genome research and particularly for QTL mapping. Fine mapping of QTLs using CSSL has been reported in tomato, rape and rice, among others. Paterson et al.
[5] constructed contiguous introgression lines by
RFLPs to perform fine mapping of QTLs. Eshed and Zamir [6] mapped six tomato quality QTLs using CSSL.
Yamamoto et al. [7] developed near-isogenic lines and finely mapped three heading date QTLs in rice. In rice, Liu et al. [8] localized 77 QTLs for 18 agronomic traits using 12 single segment substitution lines. In this study, we developed one set of Sea Island cotton CSSL in the genetic standard line, TM-1 in Upland cotton, by crossing, backcrossing and MAS. The development of this set of CSSL serves as the basis for fine mapping of targeted QTL. CSSL enabled us to investigate interaction between QTLs and QTL cloning and function validation. In addition, this study offered rich germplasm resources for breeding to develop new cotton cultivars with high yield and good fiber quality.
Materials and methods

Marker selection
Our laboratory previously constructed a microsatellite-based, gene-rich linkage map. The map consisted of 1790 loci in 26 linkage groups, covering 3425.8 cM with an average distance of 1.91 cM between markers [9, 10] . Based on the map, we selected 330 SSR markers with an average interval of 10 cM between two markers for this study. Not more than 20 markers were present on chromosome 5 and at least eight markers were detected on chromosomes 1, 2 and 8. The shortest genetic distance between two markers was 3 cM and the farthest 25 cM.
Development of CSSL
The Southern Plains Agricultural Research Center, USDA-ARS, College Station/Texas, USA kindly provided the TM-1 genetic standard from Upland cotton [11] . The variety exhibits moderate fiber quality performance with an average fiber length of 28.56 mm, strength of 30.53 cN/text, and fineness of 5.4. The Cotton Research Institute, Nanjing Agricultural University (NAU), China, developed and provided Hai-7124, long staple Sea Island cotton. The variety is known for superior fiber qualities with an average fiber length of 31.24 mm, strength of 36.25 cN/text, and fineness of 4.2.
Development of CSSL: The F 1 was generated by a cross using TM-1 as the recipient parent and Hai7124 as the donor parent. The F 1 was produced in summer, 2001 at Jiangpu Cotton Breeding Station, NAU. The TM-1× Hai7124 F 1 progeny were backcrossed with TM-1 in winter 2001 in Sanya, Hainan Province, generating BC 1 (Figure 1 ). In 2002, BC 1 were subsequently backcrossed with TM-1 to produce BC 2 in Nanjing. Backcrosses were continued systematically until reaching a BC 5 generation. In 2004, BC 5 was self-pollinated to produce BC 5 S 1 in Nanjing. BC 5 S 1 was then planted and the genomic DNA of individual plants was extracted in Nanjing. MAS was conducted to identify individual BC 5 S 1 genotypes having 1-2 donor chromosome segments in the TM-1 background. The BC 5 S 1 heterozygous individuals were self-pollinated to generate homozygous BC 5 S 2 -3 . In this way, additional CSSL were produced, which might be absent in BC 5 S 1.
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